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Introduction 


Introduction 

We have the potential to produce all of our electricity from clean energy sources. Today, we 
have the technology and the know-how to move beyond our dependence on polluting power 
plants by using clean, safe, and free renewable energy. By harnessing the potential of zero 


point magnetic energy, we can transform how we produce electricity. 


A clean energy future relays not just on renewable energy, but also on better use of the 
energy we currently produce. By making the energy we produce last longer, or by increasing 
"energy efficiency," we can avoid the need for new polluting power plants. We can increase 
energy efficiency by using available technologies that do the same amount of work but use 


less energy, like a computer that goes to sleep when it's not in use. 


Clean, renewable energy currently produces only about 2 percent of our electricity 
nationwide. In contrast, nearly 90 percent of our electricity still comes from polluting sources 
of energy like coal and nuclear power. Coal-burning power plants are the nation's largest 
source of carbon dioxide, the heat-trapping pollutant that causes global warming. Coal-fired 
power plants are also responsible for pollution that increases asthma attacks and worsens 


environmental problems like acid rain, haze, smog, and other air and water pollution. 


We can face these challenges by taking steps today towards a brighter energy future. Using 
existing technology and resources, we can cut our reliance on existing polluting power plants 
by providing at least 20 percent of our electricity from renewable sources of energy by 2020 
and by increasing the energy efficiency of our appliances and homes. Zero point magnetic 
energy is a powerful source of clean energy, producing electricity with no global warming 


pollution and at zero cost. 


Laws of Science? 


Chapter 1 


Laws of Science? 


At this point in time - the early years of the twenty-first century - we have reached the point 
where we need to realize that some of the “laws” of science do not cover every case, and 
while they have been very useful in the past, they do need to be extended to cover some 


cases which have been left out until now. 


For example, suppose a bank robber broke into a bank and stole all of the cash there. How 
much could he take? Answer: “every coin and every note”. The limit is the sum total of all 
cash in the building. This is what the “Law” of Conservation of Energy is all about. What it 
says is very simple — you can’t take out any more than there is there in the beginning. That 


seems pretty straightforward, doesn't it? 


As another example, consider a glass tumbler filled completely with water. Using common 
sense, tell me, how much water can be poured out of the glass? For the purposes of this 
illustration, please take it that temperature, pressure, gravity, etc. all remain constant for the 


duration of the experiment. 


The answer is: “the exact volume contained inside the tumbler”. Agreed. This is what present 
day science says. To be strictly accurate, you will never be able to pour all of the water out as 
a small amount will remain, wetting the inside of the glass. Another way of putting this is to 
say that the “efficiency” of the pouring operation is not 100%. This is typical of life in general, 


where very few, if any, actions are 100% efficient. 


So, are we agreed with current scientific thinking then — the maximum amount of water which 
can pour out of the tumbler is the total volume inside the tumbler? This seems simple and 
straightforward, doesn’t it? Science thinks so, and insists that this is the end of the story, and 
nothing else is possible. This arrangement is called a “closed system” as the only things 


being considered are the glass, the water and gravity. 


Well, unfortunately for current scientific thinking, this is not the only possible situation and 
“closed systems” are almost unknown in the real world. Mostly, assumptions are made that 
the effects of anything else around will cancel out and add up to a net zero effect. This is a 


very convenient theory, but unfortunately it has no basis in reality. 


Let’s fill our glass with water again and begin to pour it out again, but this time we position it 


underneath a source of flowing water: 


Tap (faucett) 


So, now, how much water can be poured out of the tumbler? Answer: “millions of times the 
volume of the tumbler”. But hang on a moment; haven't we just said that the absolute limit of 
water poured from the tumbler has to be the volume inside the tumbler? Yes, that’s exactly 
what we said, and that is what current science teaching says. The bottom line here is that 
what current science says does in fact hold true for most of the time, but there are cases 


where the basic assumption of it being a “closed system” is just not true. 


One popular misconception is that you can’t get more energy out of a system than you put 
into it. That is wrong, because the sentence was worded carefully. Let me say it again and 
this time, emphasize the key words: “you can’t get more energy out of a system than you put 
into it”. If that were true, then it would be impossible to sail a yacht all the way around the 
world without burning any fuel, and that has been done many times and none of the driving 
energy came from the crews. If it were true, then a grain mill driven by a waterwheel would 
not be able to produce flour as the miller certainly does not push the millstones around 
himself. If that were true, then nobody would build windmills, or construct solar panels, or tidal 


power stations. 


What the statement should say is “more energy can’t be taken out of a system than is put into 
it” and that is a very different statement. When sailing a yacht, the wind provides the driving 
force which makes the trip possible. Notice that, it is the environment providing the power and 
not the sailors. The wind arrived without them having to do anything about it, and a lot less 
than 100% of the wind energy reaching the yacht actually becomes forward thrust, 
contributing to the voyage. A good deal of the energy arriving at the yacht ends up stretching 
the rigging, creating a wake, producing noise, pushing the helmsman, etc. etc. This idea of 
“no more energy coming out of a system than goes into it” is called “The Law of conservation 


of Energy” and it is perfectly right, in spite of the fact that it gets people confused. 


“Free-Energy Devices” or “Zero-Point Energy Devices” are the names applied to systems 
which appear to produce a higher output power than their input power. There is a strong 
tendency for people to state that such a system is not possible since it contravenes the Law 
of Conservation of Energy. It doesn’t. If it did, and any such system was shown to work, then 
the “Law” would have to be modified to include the newly observed fact. No such change is 


necessary; it merely depends on your point of view. 


Certainties in the Year 
1900 
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Certainties in the Year 1900 


A metal airplane weighing 350 tons couldn't possibly fly, everyone knows 


that! 


You couldn't possibly watch someone who is a thousand miles away - talk 


sense! 


No! Of course you can't speak to somebody who lives in a different country 


unless you visit them! 
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Today, we know that these things are not just possible, but we take them for granted. We 
have a mobile phone in our pocket and could easily use it to talk to friends in other countries 


almost anywhere in the world. It would seem very strange if we could not do that any more. 


We each have a television and can watch, say, a golf tournament taking place at the other 
side of the world. We watch in real time, seeing the result of each stroke almost as soon as 
the golfer does himself. Even suggesting that such a thing was possible might have got you 
burnt at the stake for witchcraft, not all that long ago, but not having television would seem a 


very strange situation for us today. 


If we see a 350 ton metal Boeing 747 aircraft flying past, we would not think it to be strange in 
any way, let alone think it was "impossible". It is routine, casual travel at 500 mph, a speed 
which would have been considered to be a fantasy when my father was young. The fact that 
the aircraft is so heavy is of no concern to us as we know that it will fly, and does so, 


routinely, every day of the year. 


We take for granted, a computer which can do a million things in one second. Today, we have 
lost the understanding of how big "a million" is, and we know that most people are likely to 


lose a game of chess if they play against a computer, even a cheap chess computer. 


What we need to understand is that our present scientific knowledge is far from being 
comprehensive and there is still a very large amount to be learned, and that things which the 
average person today would consider "impossible" are quite liable to be casually routine day- 
to-day devices in just a few years time. This is not because we are stupid but instead it is 


because our current science still has a long way to go. 


The objective of this book is to explain some of the things which current science is not 
teaching at the present time. Ideally, we want a device which will power our homes and cars 
without the need to burn a fuel of any kind. Before you get the idea that this is some new and 
wild idea, please remember that windmills have been pumping water, milling grain, lifting 
heavy loads and generating electricity for a very long time now. Water wheels have been 


doing similar work for a very long time and both of these devices are fuel-less. 


The energy which powers windmills and water wheels comes to us via our Sun which heats 
air and water, causing wind and rain, feeding power to our devices. The energy flows in from 
our local environment, costs us nothing and will keep on coming whether we make use of it or 


not. 


Perhaps | should remark at this point, that the commercial introduction of this new wave of hi- 
tech devices is being actively opposed by people who will lose a very large stream of revenue 
when it does eventually happen, as it most certainly will. For example, Shell BP which is a 
typical oil company, makes about US $3,000,000 profit per hour, every hour of every day of 
every year, and there are dozens of oil companies. The government makes even more than 
that out of the operation, with 85% of the sale price of oil in the UK being government tax. No 
matter what they say, (and they both do like to talk "green" in order to gain popularity), neither 
would ever for a single moment, consider allowing the introduction of fuel-less power devices, 


and they have the financial muscle to oppose this new technology at every possible level. 


For example, some years ago MIT in the USA spent millions proving that on board fuel 
reformers for vehicles would give us all better fuel economy and cleaner air. They did long- 
term testing on buses and cars to provide proof. They teamed up with the very large auto- 


parts supplier Arvin Meritor to put these new devices in production vehicles. Then "One 


Equity Partners" bought out Arvin Meritor's division that did all the final work to get fuel 
reformers put into all new vehicles. They created a new company, EMCON Technologies, 
and that company dropped the fuel reformer from their product line, not because it did not 


work but because it did work. This is not "conspiracy theory" but a matter of public record. 


Some years ago, Stanley Meyer, a talented man living in the USA, found a very energy- 
efficient way of breaking water into a mixture of hydrogen gas and oxygen gas. He pushed on 
further and found that a vehicle engine could be run on quite a small amount of this "hydroxy" 
gas if it was mixed with air, water droplets and some of the exhaust gas coming from the 
engine. He got funding to allow him to start manufacturing retro-fit kits which would allow any 
car to run on water alone and not use any fossil fuel at all. You can imagine how popular that 
would have been with the oil companies and the government. Just after getting his funding, 
Stan was eating a meal at a restaurant when he jumped up, said "I've been poisoned", 
rushed out into the car park and died on the spot. If Stan was mistaken, and he died of 
‘natural causes’, then it was remarkably convenient timing for the oil companies and the 


government, and his retro-fit kit was never manufactured. 


At this point, I’m sure that you are well aware that this technology is a reality. It is not some 
kind of new concept that was never heard of before; but a technology that in the near future 


will power our entire world. 


The Magnets 4 Energy 
System - Setups 
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The Magnets 4 Energy System - Setups 


Standard System Connections 


The Magnets 4 Energy System can be connected to your electricity system in a variety of 
ways. Below you can find some diagrams of the most commonly used setups. Note that the 
below setups can be used for different power sources, including wind, solar and other 


sources of energy. 


Simple Power Setup 


You can create your own magnetic generator without breaking the bank, usually under $100. 


We discuss how to properly construct the system in a later chapter. 


This system works best outside. You want to store your batteries and electrical equipment in 
a warm, dry area so a garage or covered shed work perfectly. You can run other electrical 
equipment right of the inverter. Try running your refrigerator off this system, you will be 


amazed at the amount of power you save and how great it works. 


Keep in mind, batteries always work better in a warm temperature so you might consider 
buying a battery box. The battery box is great for storage, it keeps things clean and 


organized; it also keeps children or pets from playing around and getting hurt. 


You might consider adding a system meter to act as a go between your battery and inverter. 
A system meter tells you how much juice the battery has left and how much power is being 


used at any given time. 


1. Magnetic Generator 


2. Charge Controller 
3. Battery 
4. Inverter 


5. Household 


Grid-Intertied Power Source System 


If you are still using power from the grid, this kind of system will work the best for you. This 
system can also be called on-grid-tied. You can actually make the electric meter tick 
backwards, by producing more power than you use each day. You can actually get a credit 
from the electric company if the meter starts going backward. Save those credits when the 
magnetic generator is off or when more electricity will be needed. This process is known as 
net metering or net billing. Of course, it’s always a good idea to talk to your electric company 


to find out the rules and regulations. 


Magnetic 
Generator 

2. Array DC Disconnect 

3. Inverter 

4. AC Breaker panel 

5. Household 

6. Kilowatt per hour meter 


7. Grid 


Grid-Intertied system with battery backup 


You may need to rely on a battery backup system in case of down time and maintenance to 


the power system. The picture below shows the grid inter-tied system with the battery backup. 


1. Magnetic Generator 

2. Array DC disconnect 

3. Charge Controller 

4. Deep cycle battery 

5. System meter 

6. Main DC disconnect 

7. Inverter 

8. AC Breaker panel 

9. Kilowatt per hour meter 
10. Grid 


11. Household 


Off-Grid Power Source System 


This system requires a generator to keep the battery charged for those down times. This 


system is pictured below. 


1. Magnetic Generator 

2. Array DC disconnect 

3. Charge Controller 

4. Deep cycle battery 

5. System meter 

6. Main DC disconnect 

7. Inverter 

8. Generator (Optional — For Backup Only) 
9. AC Breaker panel 


10. Household loads 


System Units 


Array DC Disconnect: 


The DC disconnect is an important part of a system for maintenance. Using a DC disconnect 


makes shutting off the power much easier. 


Charge Controller 


A charge controller will drastically increase the life of your battery. This unit will protect the 
battery from being overcharged. When the battery bank is fully charged, the charge controller 
will interrupt the charging process. Some charge controllers also stop the battery from 


discharging at night time. 


Deep Cycle Battery 


This is the type of battery you should use in your system. This is what will store all of the 
energy produced by your PV panels. A great place to source free deep cycle batteries from is 


old golf carts of forklifts. 


System Meter 


A system meter is used to monitor how full your battery bank is. You can also see how much 
power is being used at any time. This is a great unit that can monitor your whole solar electric 


system. 


Main DC Disconnect: 


This unit is placed between the battery bank and the inverter. A main DC disconnect will allow 


you to disconnect the inverter for maintenance. 


Inverter: 


The inverter is what turns the direct current (DC) into alternating current (AC). AC is what 
most of your household appliances use. Eg. Refrigerator, TV, VCR, Computer etc. If you do 
not wish to use any appliances that need AC 


then you can simply use a DC input. A DC input costs around $10 from any car parts store. 


You can also purchase inverters that plug into your homes power socket. These inverters will 


actually feed electricity back into your home through a normal power socket. 


Generator (Optional - For Backup Only): 


If you are setting up a solar electric system for off-grid living you will need to use a generator. 
A generator is used to produce electricity for times of cloudy weather or for when you are 


performing maintenance on the solar electric system. 


AC breaker panel: 


This is the point where all of the homes electrical wiring meets with the provider of the 
electricity, whether it is the grid, a solar electric system or a wind electric system. This unit is 
usually found in a utility room a garage of or mounted in a metal box on the outside of the 


building. 


The grid is the main power supply coming to your house. 


Household Load: 


The household loads consist of anything in your home that uses power from your AC breaker 


panel. This includes anything that you plug into the wall. 


Building the Magnetic 
Generator 
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Building the Magnetic Generator 


Overview 

Permanent magnet generators or magnetos have been employed widely for many years. 
Early applications of such generators include the supply of electric current for spark plugs in 
automobiles and airplanes. Early telephones used magnetos to obtain electrical energy for 


ringing. The Model T Ford automobile also used magnetos to power its electric lights. 


The present invention differs from prior art magnetos in terms of its novel physical structure in 
which a multiplicity of permanent magnets and electrical windings are arranged in a fashion 
which permits high-speed/high-frequency operation as a means for meeting the 


miniaturization requirement. 


Summary 


The magnetic generator is provided with a capability for delivering a relatively high level of 


output power from a small and compact structure. 


It is, therefore, one object of this invention to provide an improved permanent magnet 
generator for the generation of electrical power. Another object of this system is to provide in 
such a generator a relatively high level of electrical power from a small and compact 
structure. A further object of this invention is to achieve such a high level of electrical power 
by virtue of the high rotational speed and high frequency operation of which the generator is 


capable. 


The System provide such a high frequency capability through the use of a novel field 
structure in which the primary permanent magnets are carried through the centers of the 


induction windings. 


Magnets 4 Energy - Basic 


STATOR 


Va 


Household Load 


The System shown above consists of: 
A steel spine and shaft. 
“% A stator containing coils of wire. 
“4 Two magnet rotors. 


« A rectifier. 


The stator contains six coils of copper wire, cast in fiberglass resin. This stator casting is 
mounted onto the spine; it does not move. Wires from the coils take electricity to the rectifier, 
which changes the AC to DC for charging the battery. The rectifier is mounted on an 


aluminum ‘heatsink’ to keep it cool. 


The magnet rotors are mounted on bearings, which turn on the shaft. The rear rotor is behind 


the stator, and enclosed within it. The front one is on the outside, fixed to the rear one by long 


studs which pass through a hole in the stator. Magnetic flux passes from one rotor to the 


other through the stator. This moving magnetic flux is what produces the electric power. 


Building the Magnetic Generator 


This manual describes how to build the Magnetic Generator System. It is advised that you 


familiarize yourself with all the procedures before starting. 


Section 2 - is a list of materials and tools for the job. 

Section 3 - explains how to build the special tools (called jigs) and the moulds which are 
needed. You can build more than one PMG with them. There are many possible ways to 
make these jigs and moulds, but there is only room in this manual to describe one way to do 
it. 

Section 4 - is about the stator. It describes how to wind the coils of enamelled copper wire, 
and cast them in resin, using the jigs and moulds. 

Section 5 - shows how to build the magnet rotors, using magnet blocks and steel disks, set in 
another resin casting. 

Section 6 - shows how to assemble the parts into a whole PMG. It explains how to build the 
mechanical parts, how to balance the rotors and what is required to connect the wiring from 
the stator. 

Section 7 - is about testing the PMG. It contains procedures for checking that it is correctly 
balanced and ready to use. It describes the options for connecting up the electrical output. It 
also explains how to connect the PMG to the battery. 

Section 8 - contains additional information about the use of polyester resins, and about using 


the PMG for hydro power. 


Caution 
Take care when building and assembling the Magnetic Generator so that the magnets cannot 
come loose. This can happen under extreme circumstances. Loose magnets rubbing on the 


stator can easily damage the system. 


Follow all the instructions for casting the magnet rotors - do not simply glue the magnets 
to the steel disks. 

+ Do not hit the magnet rotors with hammers during assembly. 

Take care that there is at least 1mm gap clearance between the magnets and the 
stator, on both sides. (For heavy duty, or high speed, use a larger gap.) 

+ Do not mount the rotor blade assembly directly onto the front magnet rotor disk, at any 
point away from the studs. Mount it only onto the studs and nuts themselves, which 


come through the disk. 


List of Materials and Tools 


Materials for PMGs size Total wt. 
a grams 
PMG 


[FIBREGLASS SUPPLIES | 

[tyes ean groned wih acataatea. |_| | 2700 

[Catalyst (peroxide) oo o 

Taeun filer powder |---| roo} 

Heete a 

[Colouring pigment resin (if required) | J 

ET E E E T 

[STAINLESS STEEL o o o y O 

[stainless steel wire | 2mm xtOmetres | 200| 

[MAGNETS o S o S e 
rr E 


ELECTRICAL OZO O OOOO O 


Enamelled winding wire — 14AWG or 1.7mm 3000 
or 17AWG - see p.44 


[flexible wire (about 14AWG size) | SamesizexGmetres | | 
[solder and sleeving for connections | TT 
[1/2 inch masking tape ooo o o 

| Bridge rectifiers [| 2[25A 200V single phase [| 
| Heatsink for rectifiers Jo o To o ooo 250 
CO ce Coo 


STEEL 


SEE 
Box section tube ('RHS') for spine | = 1] 380 x 50 x25 x 4mm 1100 


Magnet disk (or octagonal) plates 2| 6mm x 6000 
305mm Outer A i a 


[Tomm threaded rod (studang) | [hooomm | 
so a E 
Fromm washers = o J St] TCCSC~dS—S 
Bmmtweaearo ë | oom ë ë a 
E E TTCC~™Y 50 
[5mm nuts and bolts for rectifiers | __2|5mmxzomm | — | 
a E E 


[MECHANICAL O< OOOO O HANICAL 


as described in alli 6 


Spine, shaft, hub and magnet rotor 


Materials for moulds and jigs 
e Composite floorboards (other ideas are possible) and wood glue 
e Sand paper, wax polish (Polyurethane varnish, and PVA release agent, if available.) 
e Paint brushes, and thinners to clean them 
e 13mm Plywood for jigs and formers and stator mould centre 
e Steel rod, or pipe, for coil winding machine 


e Small pieces of steel plate or thick sheet metal 


Bolts (with nuts and washers) | diameter length For 
2 with butterfly nuts 6mm 60mm coil winder 
ing wi 


10mm 25mm b 
150mm stator mould 


Tools 
e Safety goggles, face mask, gloves, etc. as required 
e Workbench with vice 
e Welder 
e Angle grinder 
e Hacksaw, hammer, punch, chisel 
e Compasses, tape measure, angle gauge. 
e Spanners: 8, 10, 13, 17, 19mm : two of each. 
e Tap wrench and M10 taps for outer holes in magnet rotors. 
e Brass wire to gauge the heights of magnets 
e Pillar Drill Press 
e Drill bits 6,8,10,12mm 
e Holesaws 25mm, 65mm 
e Wood lathe, or a substitute as in Section 3 
e Chisel for wood lathe 


e Jigsaw to cut wood 


e Scales to weigh resin. Dispenser for catalyst, plastic buckets, scissors. 


e Soldering iron, resin-cored solder, wire cutters, sharp knife. 


3. Jigs and Moulds 


This section describes how to 
make the jigs and moulds for 
building a PMG. Once you have 
made them, they can be used 
again, to build more PMGs. 


Coil winding machine 


Some coils for the stator 


The PMG stator contains six coils of copper wire (see diagram 4). 


————. ee | aie’ 
100 TURNS OF lir 
ENAMELLED poo 
COPPER WIRE 
110mm 
Ss = f fi 
The coils will be wound on a plywood coil-former. 
The former is mounted on the end of a crankshaft, between cheek pieces. 
e Make a crankshaft, turned by a handle (see diagram 5). 
HANDLE 


5. CRANKSHAFT 


4 SIMPLE 
BEARINGS 


e Cut a small flat steel plate 60 x 30 x 6 mm (suggested sizes) and fix it securely or 
weld it to the end of the crankshaft as shown in diagram 6. 
e Drill 2 holes, 6mm diameter and 40mm apart, centred on the shaft. 


6. STEEL PLATE 


e Cut out 3 pieces of 13mm plywood as in diagram 7. 


7. COIL-FORMER AND CHEEK PIECES 
125 125 


125 


The coil former is 50mm by 50mm by 13 thick. It has rounded corners. The two 'cheek pieces’ are 125mm by 125mm. 
There are 20mm wide notches top and bottom in each. The notches are for putting masking tape under the coil, so that it 
can be taped up before removing it from the former. 


* Stack the pieces with the notches in line (diagram 8), and drill holes for the mounting bolts. 
The holes are 6mm diameter and 40mm apart. Use a drill press to drill the holes exactly square to the plywood. 


8. DRILLING THE 2 HOLES 


STACK THE THREE PIECES 
LIKE THIS:- 


DRILL PRESS 


e Pass two bolts through the holes in the flat plate, and bolt on the cheekpieces , 
with the coil-former between them. Use butterfly nuts if possible. (diagram 9.) 


9. FITTING THE COIL FORMER AND CHEEK PIECES 


BUTTERFLY 
NUTS 


WINDING 
WIRE 


Jigs for the rotors 


PCD jig for drilling holes 

The magnet rotors are mounted on a bearing hub (see diagram 10). The hub has a flange with holes in it. For 
example there may be four holes on a 102mm (4 inch) ‘pitch circle diameter’ (PCD). Or you may have some other 
arrangement. This will depend on what kind of hub it is. Here we shall say 102mm PCD. 


10. THE BEARING HUB PCD 


The PCD jig will be used to drill holes in the rotors etc. 
It will also be used to balance the rotors. 
The holes must be marked and drilled very precisely. (See diagram 11.) 


e Cut a square piece of steel plate 125mm by 125mm. 
e Draw diagonal lines between the corners and mark the exact centre with a punch. 
e Set your compasses at 51mm radius (or to suit whatever PCD). Draw a circle. 
e The diameter of the circle is the PCD of the holes in the hub. 
e Punch both places where one line meets the circle. 
e Set your compasses at 72mm. Mark two points exactly this distance from the first two, on the circle. (If you have a 
different PCD, this size would not be 72mm. (Find the size by trial and error.) 
e Drill four holes exactly 72 mm apart on the circle. Use a small drill first and then 
a larger one. 


11. MARKING AND DRILLING THE PCD JIG 


Magnet positioning jig (See diagram 12) 
This jig is for putting the magnet blocks into the correct places on the steel disks. 
Only one jig is needed. Make the jig from 250x250 mm plywood or aluminum sheet (not steel). 


12. THE MAGNET POSITIONING JIG 


e Mark the centre of the workpiece. 
e Draw three circles, with diameters 50mm, 102mm and 200mm, on this centre. 
e Draw a pair of parallel straight lines, as tangents to the 50mm circle as shown. 


e Draw 3 more pairs of straight lines at 45 and 90 degree angles to the first pair. 

e Using these lines, mark the magnet positions, and cut out the jig along the bold 
lines as shown in the diagram. 

e Draw a line connecting two opposite magnet centres. 

e Place the PCD jig on top of the 102mm circle, aligned with the magnet centres, 
and drill four holes to match the four holes in the steel disks. 


Making the moulds 


Make moulds for the stator and rotor castings. They can be turned from wood or 
aluminium. Another method is to make plaster or clay plugs on a wheel, like a pot. 
The shape of the plug would be the shape of the outside of the stator. Then make a 
fibreglass mould on the plug. The surface of each mould must be perfectly flat. 


The moulds need to be strong and smooth. It is not easy to separate the stator 
casting from the moulds. Hammer blows are usually needed. 


It is a good idea to wind one coil (see section 4) before making the stator mould. 
This coil should fit neatly in the mould. 


Here is one way to make the moulds, from composite wooden floorboard sheets, using 
wood-turning. 


Stator Outer mould 


e Cut out several disks of flooring sheet (see diagram 13), approximately 500mm 
diameter. 


13. DISKS 


e Take all but one of the disks, and cut circular hole in each, 360mm diameter to 
form rings (see diagram 14). 


14. RINGS 


e Draw a circle 360 mm diameter on the remaining disk 
e Drill a 12 mm hole at the centre of this disk, to help with centring. 
e Glue the rings on top of the remaining disk, to form a stack, with a hole 60mm deep (diagram 15). Use plenty of glue at 
the insides of the rings. 
e Cut out a small disk of 15 mm plywood, 140 mm in diameter, and drill a 12 mm hole at its centre. 
e Placing a 12 mm bolt through both holes, glue the small disk into the exact centre of the hollow. Use plenty of glue at the 
edge of the disk. 
60 DEEP 


15. STACK 


e Mount another piece of wood or board onto a lathe, a motor or the wheel hub of a 
small vehicle (for example a 3-wheel taxi). This is a the faceplate (see diagram 
16). 

e Spin the faceplate and use a pencil to make a very small circle at the centre. 

e Drill a 12mm hole precisely at this centre. Hold the drill parallel to the shaft. 

e Screw the glued stack onto the faceplate, using a 12mm bolt to centre it. Use four 
woodscrews through the disk and into the faceplate. 

e Check that the face of the mould runs true. You can do this by holding a pencil 
close to it while it spins. Where the pencil makes marks, the face is ‘high’. Loosen 
the screws and insert pieces of paper between the faceplate and the stack, on the 
opposite side from the pencil marks. Tighten the screws and check again. 


16. TURNING A MOULD 


MOULD FACEPLATE 


TOOL REST 


Now it is possible to shape the mould with a chisel. Wear a mask over your mouth to avoid inhaling the dust. Beware of 
loose clothing, which may become caught in the rotating mould. 


Turning a stator mould on an electric motor 


Cut a smooth surface on the inner edges of the stack (diagram 17). 
The surface tapers at about seven degrees. 

The overall diameter at the outer edge is 380mm 

The diameter of the flat face is 360 mm. 

The corner inside is smooth (slight radius) not sharp. 


17. THE SHAPE OF THE STATOR MOULD SECTION 
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e Turn the inner disk down to 130 mm diameter on the face (see diagram 18), witha taper. The corners are rounded as 
before. 


18. CENTRE DISK _ SECTION 


HOLE 


CHECK THAT 
THE COIL FITS 
COMFORTABLY 


e Place a coil against the face of the mould and check that it fits comfortably — if not, then the hollow must be made a 
little larger, or the centre disk a little smaller. In the end, the coil's centre must be at 250 mm from the mould centre. 
e Remove the mould from the lathe or motor. 


19.HOLES IN THE MOULD 


Drill four holes in the central part which are used to separate the two moulds (diagram 19). Screw some small pieces of 
plywood onto the underside of the mould to make 'feet'. 


Stator Inner mould 
e Cut disks with diameter 370mm 


20 degrees 


SECTION 


20deg 


| 


- 
- 
-* 


+ 
Pe iai 
-r 


20. INNER MOULD 
325 368 


HOLE 


e Drill a 12mm hole at the centre of each 
e Glue them into a stack (diagram 20), using a 12mm bolt to centre them. 
e The stack is at least 45 mm thick, better 50 mm. 


from 368mm to 325mm. 


Then remove the inner mould from the faceplate. 
e Draw 2 lines on the larger face of the mould, 340mm apart (diagram 21) 


Sawing flat faces 
on the inner mould 


* Cut two flat faces, as shown in diagram 21 


e Turn a 20 degree taper on the rim, and round off the corner, so that the diameter reduces 


e Check that the outer mod fits over the inner mould, with a 6mm gap all around the edge. 


21. CUTTING FACES ON THE INNER MOULD 


FLAT 
FACE 


These two faces will create a thicker casting around the mounting studs. 


Magnet rotor moulds 

The PMG needs two magnet rotors. Only one mould is needed, but production is easier 
if there are two moulds, so that two rotors can be produced at one time. 

The outer mould (diagram 22) is similar to the stator outer mould, but simpler 


22. ROTOR MOULD 


7 deg 
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102mm 


Use the PCD jig to drill four holes to match the holes in the magnet disks. 


Each magnet rotor also needs an inner disk mould (diagram 23), with the same pattern 
of four holes. 


23 MAGNET ROTOR INNER DISK 
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All moulds are sanded down to a very smooth surface, and finished with polyurethane 
varnish and wax polish. Do not use ordinary paint on the moulds. The heat of the 
resin process will cause the paint to wrinkle and spoil the appearance of the casting. 


Rotor mould being made and used 


Jigs for the stator 


Stator studs jig (see diagram 24) 

The stator needs four 8 mm supporting studs cast into it. These studs need a jig to 

hold them in place, until the resin is set. This jig is made from wood 380 x 50 x 

25mm. It must be made precisely, or the studs will not fit the spine later. 

e Make a punch mark at the exact centre of the largest face (see diagram 24). 

e Use dividers or compasses to mark arcs at a radius of 178 mm from this mark. 

e Punch four marks on these arcs, 30 mm apart and 10mm from the edge. 

e Drill through with an 8mm drill (using a smaller size first to be accurate). Use a 
drill press, to drill the holes truly square. 

e Remove some of the underside of the ends of the piece of wood, so as to prevent 
contact with the fibreglass resin. 


24. STATOR STUDS JIG 


Paper templates (see diagram 25) 
Fibreglass ‘chopped strand mat' (CSM) is to be used in the stator. Make some paper 


templates for cutting out the pieces of CSM. Later you can lay the templates on the 
sheet of CSM, draw around them with a felt pen and then cut the pieces out. 


25. PAPER TEMPLATES FOR GLASSFIBRE CSM 


380mm 
140mm 
MAKE THIS TEMPLATE BY LAYING oS 
PAPER AROUND THE WALL OF THE 75mm 


MOULD AND MARKING THE EDGES. 


4. Stator construction 


This section tells how to make a stator, using the jigs and moulds from section 3. It 
is a good idea to wind a coil before making the stator moulds, so that the mould can 
be checked for correct fit. 


Winding the coils 
e Mount the reel of winding wire on an axle behind you, in line with the coil former. 
The wire should form an 'S' bend as it winds onto the coil (diagram 26). 


26. CORRECT WIRE FEED 


REEL 
(CORRECT) 


REEL 
(INCORRECT) 


e Bend the tail of the wire 90 degrees, at a point 100mm from the end. Do not handle the bend any other part of the 
wire; leave it straight. Bent wire does not make a compact coil. 

e Place this bend in the notch, so that the tail hangs out. 

e Twist the tail loosely around one of the butterfly bolts. 

e Grip the wire between the reel and the winder in a piece of rag to keep it tight. 

e Wind the handle of the crankshaft. 


The first turn lies against the cheek piece on the side where the tail comes out. The 
other turns lie against each other neatly, without crossing over. Build the coil up in 
even layers. Count the number of turns carefully. Normally there will be 100 turns. 


e When the coil is complete, pass a piece of sticky tape under the coil on both sides and bind it tightly. Do not cut off the 
winding wire until this is done, or the coil will spring out, and loosen. Cut the tail of wire 100mm away from the coil. 

e Remove the coil from the former, and wind five more coils in exactly the same way. 

e Place the coils on a table (so that they are all exactly the same way up (diagram 27) Check that the starting tail is on the 
upper surface, and not hidden under the coil. 

e Number the coils 1-6, writing on the masking tape. 


27. THE COILS MUST ALL BE THE SAME WAY UP 


STARTING TAIL 
HIDDEN UNDER 


e Scrape the enamel off the last 20mm of each tail of enamelled wire, until it is all bright copper. (A hacksaw blade makes 
a very good scraper, when the edge has been sharpened with a grinder.) 
e Solder on tails of flexible wire (diagram 28). 


28. SOLDERING ON TAILS OF FLEX 


SOLDER 
JOINTS 


100mm 


FLEXIBLE WIRE 


MASKING 
TAPE 


Suggested lengths of flexible tails: 


coils 1 and 6 - 800 mm flex 
coils 2 and 5 - 600 mm flex 
coils 3 and 4 - 400 mm flex 


e Cover the soldered joints with sleeving. Leave no bare copper showing. 

e Label the tails with the coil number and the letter A or B. 

A is for the start of the coil, B is for the finish. Do not mix them up. 

Or use two colours: black flex for the starts and white for the finishes. 

e Lay the coils out in the outer mould. 

e Check that they will fit comfortably, and that the tails are long enough to remain within the mould until the exit point 
between coils 3 and 4. 

It is important to lay all the coils the same way up. 


29. THE COILS IN THE MOULD 


Preparations for stator casting 

The stator casting will contain:- 

*six coils 

*polyester resin and talcum powder (and perhaps pigment) 

‘fibreglass mat (CSM) 

efour studs of 8mm x 100mm threaded rod 

Also, be sure to have the moulds prepared properly. Sand them, seal them, polish them. If PVA release agent can 
be got, then use it. 


Cut out pieces of fibreglass CSM, using the templates. There will be 2 circular disks 
for laying flat in the outer mould. You also need enough curved strip pieces to cover 
the inside wall of the outer mould in a double thickness of CSM. Overlap 25mm 
between pieces. 


When you are sure that you have everything to hand, start the resin casting process. 
It is a good idea to read through the procedure first, and check that you understand it 
all before you start. There are notes on polyester resins in section 8. 


The stator casting procedure 

Diagram 30 shows the procedure for weighing out the resin and the talcum powder. 
The talcum powder is only used for bulk mixes (not thin layers with CSM), to prevent 
overheating, and to thicken the mix. Different mixes use different weights - follow 
the step by step instructions below. Diagram 31 shows all the parts coming together. 


30. MIXING POLYESTER RESIN 


={ CATALYST 


Mix resin with catalyst thoroughly but slowly to avoid churning in air bubbles. Add any talcum powder only after the 
catalyst is mixed.When the resin is mixed, use it at once. After a few minutes in the mixing bucket, it will heat up, and 
begin to set. 


Use exactly the right amount of catalyst. Resin casting needs less catalyst than normal fibreglass work (about half the 
time). When the workshop is hot, put in less catalyst. Casting thick layers of resin, put in less catalyst. If in doubt, make 
some trial mixes of resin, to find out the correct amount of catalyst. 


If there is no PVA 'release agent’, then take care not to wipe the polish off the mould with brush strokes. Apply the resin 
with a ‘prodding’ action. 


e Place the outer mould on some newspaper on a workbench. 
e Mix 200g of resin, with 3cc of catalyst (and 15-30cc of pigment for colour, if required). Use no talcum powder in the first 
two mixes. 
e Paint this resin all over the inside of the outer mould. Do not paint it on top of the island in the centre. 
e Apply one layer of fibreglass mat (CSM), and paint more resin over it again, with a poking motion to remove bubbles. 
Work the resin into the CSM. 
e Apply a second layer of CSM to the wall, but keep one disk for later. 
e Put the coils into the mould. The wire tails all come out in one place, between coils 3 and 4. 
e Mix another 100 g of resin with 2cc catalyst. Pour this over the wires of the coils so that it soaks in. Avoid making ‘pools’ ¢ 
resin. 
e Mix another 600g of resin with 9cc catalyst and 600g of talcum powder. Pour this mix into the spaces between the coils. 
The resin should fill the outer mould until it is level with the island at the centre. 
e Shake the mould vigorously, to remove air bubbles. Rotary motion and vibration will help the resin to settle, and help any 
air bubbles to rise . 
e Mix another 200g resin with 3cc catalyst and only 100g of talc. Put the second CSM disk over the coils and paint it with 
this mix. Thoroughly wash out the paint brush with thinners. 
e Put the inner mould down inside the outer mould, and fit the 12 mm bolt though the centre of both. Tuck the wiring neatly 
into the space between the moulds. One flat spot on the inner mould sits over the part where the wires come out of the 
stator. The resin will rise up the sides. Some resin may spill out. 
e If necessary, pour resin gently into the gap between the moulds until it rises to near the top of the female mould. You ma‘ 
need to mix another 100g of resin with 1.5cc of catalyst to do this. Keep notes of the amounts of resin used, for next 

time. 
e Place the jig (for the studs - diagram 24) over the inner mould, with one end over the wire tails. Tighten the 12mm bolt wit 
a nut. Insert the four 8mm studs into the holes, with nuts on top. The studs should be immersed in resin for about half 

of their length. 


F 


Six stages of the rotor casting procedure 


31. STATOR CASTING 
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The casting is now complete. It should become slightly warm, and harden within hours. If it does not begin to set within 
a few hours, then put it in a warm place to speed up the process. 


When the resin is fully hard, remove the casting from the mould. Be patient and gentle if possible. Remove the jig from the 
studs. Tap the two moulds apart, using a bolt in each of the holes around the central hole. Knock the casting out of the 
outer mould by turning it over and knocking the edge of the mould gently against the floor. 


5. Rotor construction ~ 


The magnet rotor is also a casting. There is also a procedure later for assembling the parts. First collect together the 
magnet plates, magnet blocks, stainless wire rope, etc. as described next. 


Magnet plates 

Each magnet rotor is built on a steel disk, 6mm thick. See diagram 32. Do not use aluminium or stainless steel for this 
disk! The disks have to be made of magnetic material. The disk has holes to mount it to the hub - in this manual the hub 
has four holes, each 10mm diameter, on a circle at 4 inches (102mm) PCD. If a different hub is chosen, then all the jigs 
and moulds must match this hub. 


At the centre of the disk is a 65mm diameter hole. There should also be four holes drilled and tapped (threaded) for M10 
rod between the magnet positions, at 220mm PCD. Screw four pieces of M10 rod, 20mm long, into these holes. These 
will bond to the resin and help to secure the casting onto the disk. 


32. MAGNET ROTOR DISK 


The magnet plates must be flat, not warped. It is not easy to cut the outer circle without warping the plate. A guillotine can 
cut steel plate into an octagon (see diagram 33), without warping the plate. This is an alternative way to make the rotor 
disk. First cut a square, draw a circle on it, and then cut off the corners at 45 degrees. The length of each edge is 116 mm. 


The magnets will be placed on the corners of the octagon. 


33. ALTERNATIVE SHAPE : ANOCTAGON 


The central hole is made with a hole-saw or it can be cut out on a lathe. 


Grind the steel disks until they are bright and clean, just before putting them in the mould for resin casting. Remove any 
grease with spirits. 


Magnet blocks 
There are 8 magnet blocks on each rotor. Each block has a north pole and a south pole (see diagram 34). 


34. POLES ON THE MAGNET BLOCKS 


EACH BLOCK HAS POLES WHICH ARE THE SAME 


A'N' AND A'S' POLE REPEL EACH OTHER 
—— a 


N AND S POLES ATTRACT 
EACH OTHER 


Take care when handling the magnets. Magnets can damage floppy discs, music tapes, credit cards and other magnetic 
media. Separate them from each other by sliding them sideways. They attract each other with strong forces. Take care nol 
to let them fly together - they may break. Never use a hammer to assemble the PMG. You may break a magnet or break 
the resin holding it. 


The top faces of the magnet blocks on the disk must alternate N-S-N-S-... There is a method to check that you are doing 
this correctly, as follows. Each time a magnet block is placed, hold it so that it repels the one before (see diagram 35). 
Then place it without turning it over. When they are all in, check with another magnet: it will be attracted, repelled, 
attracted, repelled, by each magnet in the circle. 


35. PLACING THE MAGNET BLOCKS 


1. CHECK THAT THE BLOCK IS REPELLED 


2. DROP IT INTO PLACE 
WITHOUT TURNING IT OVER. 
> 


The two magnet rotors must attract each other when the mounting holes are aligned. Check that the magnets next to the 
holes on one rotor are different from the ones next to the holes on the other rotor (see diagram 36). 


36. THE TWO ROTORS ARE NOT THE SAME 


Stainless Steel wire 

en the is turning, the magnets will try to fly off the rotors. There is a large centrifugal force pulling the magnet 
blocks to fly away. When we started building these PMGs, the magnet blocks were simply glued to the steel disks. When 
the PMGs turned fast, the magnets flew off, and the generators were destroyed. 


Now we embed the magnets in a resin casting. Resin alone is not strong enough to hold the magnets. It should be 
reinforced. Wrap wire around the outside of the magnet rotors to hold the magnets in. Steel wire is strong enough, but 
steel would take the magnetism from the magnet blocks. We use stainless steel because it is not magnetic and it does not 
spoil the effect of the magnets. Stainless steel wire cable is used on fishing boats. 


Before using any resin assemble the parts dry. Put the stainless steel rope around outside the magnets five times, and 
cut it off with a grinder or chisel. Tape it in several places so that it is in a coil, ready to drop into place later. 


Rotor casting procedure 

Before starting, check that everything is ready: 

e the moulds are prepared with polish or release agent, 

e the magnets and the magnet disks are clean and bright (no grease), 
e 16 strips of CSM are ready to fit between the magnets 

e the stainless steel wire is cut to length and taped 

e the magnet positioning jig is ready 


The amounts of resin mentioned in this procedure are enough for two magnet rotors. 


37. MAGNET ROTOR MOULD ASSEMBLY 
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e Place four bolts through the holes in the outer mould, from below (see diagram 37). Lay a steel disk in the outer 
mould. Place the inner mould on top. Check the taper, and place the smaller face down, so that it can be easily 
removed after casting. 


e Mix 200g of resin with 3cc catalyst. Paint it all over the steel disk. Add 20g of pigment for colour if required. Mix 100g 
talcum powder with the remains of the 


resin. Pour this mix around the edge of the disk until it fills the gap, level with the top of the steel disk. 


e Place the magnet positioning jig onto the bolts. Place the magnet blocks on the steel disk, within the positioning jig. Take 
care that the poles of the magnets alternate - north, south, north, south.. Before you place a magnet on the disk, 

check that the underside of the magnet is repelled by the one next to it (diagram 35). When all the magnets are in, 
remove the positioning jig, and use it for the next magnet rotor. Remember : position the magnet blocks differently, so that 
the two rotors attract each other. 


Take care not to knock the magnets out of place, or they will slide together under 
the magnetic attraction. 


e Fit nuts to the four bolts and tighten the central disk down onto the steel disk. 
e Mix 500g of resin with 7cc of catalyst. Add 300g talcum powder. Lay small strips of CSM between the magnets and 


into the gap at the edge. Add resin until the CSM is soaked. Poke it, or vibrate it, to remove bubbles. 


e Lay the coil of stainless steel wire loosely around the outside of the magnets, below the top of the mould. Do not let the 
wire fall below the magnets. Let it sit on the CSM. Take care not to move the magnets around. 


e Mix 500g of resin with 7cc of catalyst. Add 300g talcum powder. Fill the spaces between the magnets until the resin mix 
reaches the top of the mould. 


Leave the rotor castings to set hard (several hours) before you remove them from the moulds. Be patient when removing 
the rotors from the moulds. Do not use violent hammer blows which may damage them. Hit the mould, and not the rotor. 


Four stages of the rotor casting procedure 


6. Assembly 


Rotor balancing 

Each rotor should be balanced, or the PMG will shake when it is turning. The whole PMG needs to be balanced again at 
the end, because the rotors may not be mounted exactly centrally. A different procedure is used for the final balancing in 
Section 6. 


To balance a magnet rotor (see diagram 38), first attach the PCD jig (from diagram 11), using four bolts. Then balance 
the rotor on a spike as shown: 


38. ASSEMBLY OF THE BALANCING JIG AND SPIKE 
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If the rotor will sit level, then it is balanced. If it will not sit level, then add small weights to it, or drill out some of the resin 
between magnets, until it will sit level. 

Turn the PCD jig around on the rotor, and check it again. Replace any weights with pieces of M10 threaded rod, screwed 
into holes in the resin between the magnets. 


PMG spine and bearing hub (see diagram 39) 

Make the spine of the PMG from a 380mm length of "box section’ steel tube 50x25x4mm (sometimes called RHS). Mark 
the exact centre of one large face, and then mark four 8mm holes, in the same way as for the 'stator studs jig’. It could alsc 
be possible to use the stator studs jig to help drill the holes. 


The hole at the centre is 25mm (or to suit the shaft used). Drill this with a hole-saw, or bore it on a lathe. 


39. THE BOX SECTION SPINE 
DRILL HOLES WITH A PILLAR DRILL FOR ACCURATE ALIGNMENT 


Weld the shaft in the 25mm hole. Take care to hold the shaft as square as possible (90 degrees) to the spine, when 
welding it. 


The bearing hub (diagram 40) fits on the shaft. It has two 50x25 mm deep-groove ballraces in it, with a spacer 
between them. It needs a plastic cap over the end to keep dirt out of the bearings. 


Do not forget to grease the bearings. Pack them with grease around half of their circumference only. Do not fill them 
entirely or they will become stiff to turn. 


40. THE BEARING HUB 
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Photos show the rear magnet rotor being fitted 


PMG assembly 

e Cut 4 pieces of M10 threaded rod, 
each 200 long. They are used as studs 
to hold the magnet rotors to the hub. 
e Put 6 nuts onto each stud) see diagram 41). 

e Fit the studs through the holes in the 
bearing hub, from the front 

e Put the rear magnet rotor onto the 
ends of the studs. 

e Put a nut on the end of 
each stud, and tighten the other nuts down, so that 
the rear magnet rotor is attached to the back of 
the hub flange. The outer end nut should be sealed 
with paint or thread- sealant. 

e Place the spine in a vice with the 
shaft upward. Place the hub onto 
the shaft. Do not hammer the 
magnet rotor while fitting. Fasten 
the hub to the shaft with a nut and THREADED ROD 
split pin. Do not over tighten the 
nut. Fit a dust cover over the end 
of the bearing hub. 


10mm 


atl c 200mm maasiasi 


e Rotate the magnet rotor past a piece of brass wire. Do not use steel 
wire, because it is attracted to the magnets. The magnet faces 
should all be at the same height +/- 0.5mm. 
If not, use very thin shims between hub- 
flange and rotor-disk, to adjust the rotor. 
e Using a spirit level, adjust the spine in the 
vice until the magnet rotor is level. Check 
both ways: north-south and east-west. 
e Take the stator. Fit one 8 mm nut onto each 
support stud. Screw them right down. 
e Place the stator over the rear magnet rotor 


and fit its support studs into the Fitting the stator 
holes in the spine. Fit more 8 mm . 
nuts to the ends of the studs. 


* Slowly lower the stator, and rotate 
the rear magnet rotor. Keep the 
stator level in both directions. You 
will hear a sound when the highest 
magnet touches the stator. 

e Use the nuts to raise the stator 
equally 1mm on all four studs. 

e Fit some washers to the 10 mm 
studs which hold the rotors. 
Always the same number of nuts 
and washers on each stud. A total 
of six nuts and two washers may be enough. Then fit the 

front magnet rotor. 


e If the front magnet rotor is less than 1mm from the stator at any point, then add more washers under it. If it is much more 
than 1mm from the stator then remove washers. To find the correct number it is necessary to remove washers until it 
begins to rub the stator. Then add imm. 


e When the front rotor is 1mm from the stator, then fit more nuts on top, and tighten them securely. 


Fitting the front magnet rotor 


Electrical Parts 

The next section (Section 7) will describe how to connect the rectifier to the stator. 

| recommenc_usingiwo—single phase bridge rectifiers' (see diagram 42). They come 
in blocks 30 x 30 mm. The positive terminals are both connected to the battery 
positive terminal. (They are often at right angles to the other three. ) Both negative 
terminals are connect to the battery negative. The remaining four terminals are for 
AC connection to the stator. You will probably only need to use three of these, 
connected as desired to suit the speed (see Section 7). 


42. RECTIFIERS ETC. 
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NEGATIVE TERMINALS 
‘Block connectors’ are useful for connecting the wires from the stator. Alternatively 
soldering or crimping would be fine. 


Use solder, or crimped ‘receptacle’ connectors, to connect wires to the rectifiers. 
Take care not to overheat the rectifiers while soldering. Bolt the rectifiers onto the 
heatsink, which will probably look like the one in the diagram, but can be any piece of 
aluminium approximately 250 grams or more in weight. 


Keep all the connections under a weatherproof cover. 


Two bridge rectifiers 


7. Testing and connecting 
Check that the PMG has no faults before it is put into use. It will be much easier to 
correct the faults now, than to return the unit to the workshop later. 


Mechanical testing 

Mount the spine vertically in a vice. The magnet rotors are free to move. The shaft is 
horizontal, as it will be in a generator. Check that the wires are not touching 

each other, creating a short circuit which makes the PMG harder to turn. 


Check that the rotor will spin freely. 

Spin the rotor and listen for sounds. There should not be any scuffing or brushing of 
the rotor, as it turns. It should spin freely for several seconds and gradually come to 
a halt. If it slows down rapidly then there may be an electrical fault, or the bearings 
may be over-tightened. 


Grasp the stator with both hands. Push one side backward while pulling the other 

side forward, while the rotor is spinning. It must not touch the rotor. If there is a 

rubbing sound, then it may be necessary to disassemble the PMG and assemble it more 
carefully, with more space between the rotor and the stator. Or it may be possible to 
correct the problem by making minor adjustments to the stator mounting studs. 


Stop the rotor with one of the studs in the 3 o'clock position (diagram 43). Hang an 
object weighing 100 grams on this stud. The rotor should begin to turn clockwise. If 
it will not turn, then the bearings may be over-greased or too tight. 


43. HANG A WEIGHT ON ONE OF THE STUDS 
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Checking the balance 

The rotors have already been balanced in section 6. When the unit is assembled, you should check the 

balance again using the new procedure below. This is necessary because the rotor disk may not be perfectly central on 
the PMG shaft. 


Repeat the starting test (diagram 43) with each of the four rotor studs in the 3 
o'clock position. Try different weights, and find the lightest weight which will start 
the rotor turning. If one stud needs much more weight than another, then the rotor is 
not balanced. Fix small weights to the rotor until the balance is correct. 


Electrical testing 


Coil connection test 
It would be helpful to have a multimeter when testing the PMG, but it is possible to 
do some basic tests with a 3 volt torch bulb. See diagram 44. 


e Connect the wires 1B to 4A, 2B to 5A, and 3B to 6A. (Series connections of pairs 
of coils which are in the same phase.) 

e Set the multimeter to '10VAC' or similar (if you have one). 

e Connect the meter, or a bulb, between the wires marked 1A and 4B. 


44. TESTING THE COILS 
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[eB FR TEST THESE MULTIM 
NEXT 


e Rotate the PMG slowly by hand, about one revolution per second. 
e The meter should give a reading of about two volts, or the bulb should flicker. 
e Repeat the test with two more pairs of wires: 2A and 5B, 3A and 6B. 

In each case the result should be the same. 


If there is no reading, or a very low reading, then check that the series connections (1B-4A, 2B-5A, 3B-6A) are correct. 
If all these connections are good, then it is possible that one coil has been reversed (placed upside-down). 


If any coils have been reversed, then it is necessary to do another test (see diagram 45), to find out which one is at fault. 
Connect 4B-2A and 5B-3A as shown in the diagram. Now test between 1A and 6B. There should NOT be more than a 
very small voltage. If there is a voltage, or the bulb lights up, then reverse the connections (swap A for B) on the coils 
until the voltage drops to a very low level. 


When the faulty coil has been found, label the tails again, with A and B at the correct ends. 


45. CHECKING FOR A REVERSED COIL 


DIAGRAM 


BULB OR 
METER 


SERIES 
CONNECTIONS 


MULTIM 


There will always be a small voltage in this test, because the coils are not perfectly positioned in the mould. If the test 
gives more than one volt, then it should be possible in future to make a better stator by placing the coils at exactly equal 
distances apart in the mould. 


DC output test 

When these tests have been completed and the results are correct, then connect the rectifier, as shown in diagram 46. 
Connect the tails 1A, 2A and 3A together. Connect each of 4B, 5B and 6B to any three of the rectifier AC terminals (marke 
with 'S' symbol). This is the 'star' connection. Connect a bulb to the output. If possible, also a multimeter on 10 VDC (or 
similar). 


46. DC TEST COILS CONNECTED STAR 


BLOCK 
CONNECTOR 


SERIES 
CONNECTIONS 


RECTIFIERS 
MULTIMETER 

Rotate the rotor by hand as before, approximately one revolution per second (60 rpm). 

The meter should show a steady reading around 4 volts DC (or 3 volts with the bulb present). The bulb should glow with a 

steady light, not flickering as before. 


If there is no reading, or the bulb flickers, then there is a faulty connection or a faulty rectifier. Check the 
connections carefully. Try another rectifier. 


You can also test the PMG without a bulb or a meter. Simply connect the positive and negative wires from the rectifiers 
together (all four) in a ‘short circuit’. Now try to turn the PMG. It should be stiff but smooth to turn. If it trembles as you turn 
it then there is a fault. 


Connecting the PMG to the 12 volt battery 


Star and Delta connections 
For low output requirements, connect the coils 'star' as above. For a higher current output, connect the coils ‘delta’, 
as in diagram 47. 


47. DELTA CONNECTION oe 


DIAGRAM 


BATTERY + 


BATTERY - 


TO 
BATTERY + 


DELTA CONNECTION GIVES 
MORE CURRENT WITH 
BETTER EFFICIENCY AT 
HIGHER SPEEDS. 


TO BATTERY - 


It is also possible to wire a relay (see diagram 48) which will switch the 
connections from star to delta and back as desired. 


48. USING A RELAY TO CHANGE BETWEEN STAR AND DELTA 


BLOCK 
CONNECTOR 


SERIES 
CONNECTIONS 


3 POLE C/O RELAY (3P2T) SWITCH 


12 VOLT BATTERY 


Yet another option for connecting the stator 
At the time of writing this document, the above arrangement (using a relay to change the connections) is still under 


development. Later, an electronic control circuit will be available to automate the changeover. This is all very complex, anc 
it so it can go wrong. 


If you do not wish to have to change the connections between low and high speeds, then the PMG will still work. 
However, the efficiency will be slightly less. Three are two options:- 


e If you expect mainly low speeds, then you can simply use the star connection shown in diagram 46. 


e If you also need higher power in at higher rotational speeds, you can use a 17AWG wire (1.2 mm diameter) to wind 
coils with 200 turns each. Then you can connect one group in delta and one group in star as shown in diagram 49. Note 
that you need six AC terminals on the rectifiers so you will need three rectifier blocks. 


49. STAR/DELTA CONNECTION 


BLOCK USE 200 TURNS PER COIL 


CONNECTOR 


BATTERY 
POSITIVE 


BATTERY 
NEGATIVE 


PMG-to-Battery Cable size 
The cable from the PMG to the battery can be either three-phase-AC or DC. This is only slightly more efficient than 


three phase AC. 


At 12 volts, the size of the cable must be large. Even if the current is only 15 amps, 

itis advisable to use a heavy cable. For a distance of 20 metres, the recommended 

size is 6 mm 2 (10AWG). The diameter (thickness) of each copper wire is about 3mm. 

A 15 amps current flowing in this cable will lose 15% of the as heat in the cable. If the cable is longer, it should be heavier, 
in direct proportion. 


Electrical Safety 

There is no danger of electric shock from a 12 volt battery. But if the generator 

is disconnected from the battery, and running fast, then the voltage will be higher 
than 12 volts, maybe as high as 50 volts. Do not run the PMG at high speed without a 
battery connected. 


The battery contains stored electrical energy. When there is a short-circuit fault in 
the wiring from the battery, for example the positive and negative wires touching 
each other, this energy is released in a very high current. The cable will heat up and 
burn. Therefore it is necessary to use a fuse or a circuit breaker on every wire which 
attaches to the battery positive terminal. Use one fuse for the generator and a 
separate one for the cable to the load (the lights, or whatever uses the power). See 
diagram 50. 


50. CONNECTING THE BATTERY 


FUSES OR 
CIRCUIT 
BREAKERS 


CABLE FROM 


GENERATOR CABLE TO 


LOADS 


12 VOLT BATTERY 


DO NOT USE 'CROCODILE CLIPS' 
FOR PERMANENT CONNECTIONS 


Battery acid is bad for the clothes and the skin. Do not splash it. Be especially careful of the eyes. If there is an 
accident, the best cure is to flush with plenty of water. 


Batteries produce hydrogen gas, which is very explosive. Do not make sparks near a battery or it may explode, and 
throw acid in the eyes! 


Battery Charging 

Lead acid batteries should be kept in a charged condition. But be careful not to discharge the battery too deeply, or to 
keep it too long in a discharged state, or it will be damaged (sulphated) and become useless. Stop using a battery 
before it is fully discharged. If there is a problem with the generator, then charge the battery from another source within 
two weeks. 


Charging the battery too hard will also damage it. At first, when the battery is 
discharged, it is safe to use a high current, but later the current must be reduced or 
the battery will overheat and the plates will be damaged. The best way to fully 
charge a battery is to use a small current for a long time. 


Watch the battery voltage. If the battery voltage is below 11.5 volts, then it is being 
discharged too much. If the voltage is high (over 14 volts) then the battery charging 
current is too high. Use less current or more current in the loads to correct these 
problems. If there is no voltmeter available, then the user should watch the 
brightness of the lights and follow these rules:- 


e Dim lights, mean low battery. Use less electricity! 
e Very bright lights mean too much power. Use more electricity! 


There are simple electronic circuits which can regulate the battery voltage 
automatically. They are called ‘low voltage disconnects’ and ‘shunt regulators’. If the 
user is not willing to watch the battery voltage, then it is necessary to fit a 
disconnect and a regulator. 


8 Additional inf 


Using polyester resin 

Polyester is the plastic substance used in fibreglass work for building boats, car 
body parts, etc. Various things are added to it to make it work better for various 
jobs. Talk to your supplier and explain what the resin is to be used for. Your supplier 
should be able to help you. 


Hardeners 

There are two systems used to harden polyester resin, and each system uses two 
chemicals. For resin casting and most fibreglass work we use peroxide and cobalt. 
(‘Body filler pastes' use the other system.) 


Cobalt is a purple fluid. Ask the supplier to mix the right amount of cobalt into the 
resin. After it is mixed, the resin must be stored in the dark, or it will harden. 


Peroxide is a hazardous chemical. Avoid contact with skin. Store in a PVC container, 
in the dark, below 25 degrees C. Never mix it with cobalt (except for the cobalt 
already in the resin), or it will explode. Mix very small quantities (about 1-2%) of 
peroxide with resin or it will overheat. 


Wax-free ‘Air inhibited’ resin 'B' 

This type of resin is used for 'gel-coats' on boat moulds, where the resin is going to 

be built up in stages. We do not recommend using this resin for the PMG. Any exposed 
surface will remain tacky indefinitely. Ask for resin 'A', or better still ‘casting 

resin’. 


Thixotropic additive 

A special powder of very light silica is often added to resin to make it thicker, so 
that it is easier to spread it with a paint brush. This powder is not needed for 
casting resin . If it is already added, it does no harm. 


Styrene monomer 

Approximately 35% of the resin as supplied is styrene monomer. This is used for 
thinning the resin. It causes the smell. It is possible to add a little more styrene 
monomer (10%) to make it more liquid. 


Pigment 

Pigment is used to colour the casting, if a coloured finish is desired. Add pigment to 
the first mix, which will be on the outside of the casting. Add no more than 10% 
pigment to the mix. It is not necessary to add pigment to the resin. Without pigment, 
the casting is transparent and the coils are visible. 


Fibreglass 


The resin has almost no strength without fibreglass. It is available in sheets of 
‘chopped strand mat' (CSM). It is also possible to buy just chopped strands, and to 
mix them with the resin. This is useful for the magnet rotor castings. Add a little 
resin to the fibreglass, and press out all the air bubbles, before adding more resin. 


Talcum powder 


Talcum powder is a cheap filler which can be mixed with the resin after the peroxide 
has been added. It makes the resin mixture much cheaper, and a little thicker. Resin 
can be mixed with up to twice its own weight of talcum powder. The powder also 
helps to reduce the heat build-up in large resin castings. 


Using painted moulds in Peru 


Mould preparation 


Polyurethane varnish 

Ordinary paint should not be used on moulds. 
Better to use nothing. If possible, use 
polyurethane varnish. This will prevent moisture 
coming out of a mould made from wood, plaster or 
clay. Smooth the varnish off with sandpaper 
before polishing it. 


Polish 

Polish the mould several times before using it 
first time. Rub all the polish off with a rag and 
then leave it some hours and do it again. Silicone 
polish is not compatible with PVA release agent. 
Use wax polish. 


PVA Release agent 

Paint this over the mould and let it dry. It forms 
a sheet of PVA, which greatly helps to separate 
the casting from the mould. 


